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CONNECTIVE ttssftp DERIVED PnT <Y PEPTmrs 

TECHNICAL FIELD 

The present invention relates to methods for treating and preventing arthritis and 
other degenerate diseases and to inducing tolerance in an individual to an antigenic 
component of cartilage, the present invention also relates to novel methods for 
prepanng and recovering connective tissue derived polypeptides, their uses in methods 

Laser Pr0teCti ° n ° f C ° nneCtiVe tiSSU6S ^ arthritiS and 0ther ^nerative 

BACKGROUND OF THE INVENTION 
General 

As used in the specification and claims, the singular form "a," "an" and "the" 

15 H ■ « t^T" 5 U,UeSS Clear ' y diC ' ateS 0therWise - FOT «» 

tTeof "" i " ClUdeS 3 ° f mh ° S ° m - "8 »—» 

As used herein the term "derived from" shall be taken to indicate that a specified 
tnteger are obtained from a particular source albeit not necessarily directly from tha, 

20 A "composition" is intended to mean a combination of active agent and another 

compound or composition, inert (for example, a detectable agent or label) or active 
such as an adjuvant. 

Unless the context requires otherwise or specifically stated to the contrary 
mtegers, steps or elements of the invention recited herein as singular integers, steps „ 

orTUt e " COn,PaSS b °' h SiD8U,ar ^ P,Ural t0mS ° f * e recited «eps 

The embodiments of the invention described herein with respect to any single 
embody, shah be taken to apply mutatis mutandis ,„ any other embodiment of L 
invention described herein. 

30 Throughout this specification, unless the context requires otherwise, the word 

compnse , or variations such as "comprises" or "comprising", will be understood to 
unply the mclus.on of a stated step or element or integer or group of steps or elements 
or mtegers bu, no, the exclusion of any other step or element or integer or group of 
elements or integers. y 

35 Those skilled in the art will appreciate that the invention described herein is 

susceptmle to variations and modifications other than those specifically described. It is 
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to be underetood tha, the invent™ includes au such variations and modifications. Tie 
tnv»fion a.ao tncludes ali of the steps, features, compositions and compounds 
to or mdtcated tn Bus specification, individually or collectively, and any and all 
comb lMtl onsoranytwoormoreof S aidstepsorfeatures any ana all 

5 descnb27 reSen 'n inVenti0n " "* * ™ ^ * "» 

^ eqUiVa,en ' Pr0dUCtS - «■*"*« - -mods are 
clearly within the scope of the invention, as described herein 

The present invention is performed without undue experimentation using unless 
otherw.se indicated, conventions techniques of molecular biology, microtiologt 
.0 virology, recombining DNA technology, peptide synthesis „ ^ Jfi£ 
Peptide synthesis and immunology. Such procedures are described, for example, to Z 
followmg texts that are incorporated herein by reference: 

itZl" " Lab ° ra,0rieS ' NW York ' "~«- Mtion (1989), whole of Vols I, 

2. DNA .Cloning: A Practical Approach, Vols. I and II (D. N. Glover, ed., 1985) 
IRL Press, Oxford, whole of text; '' 

3 ' rlTTTT IT** A Prac,ical Approach (M - '■ Gait - «"•. *l 

P^ss Oxford, whole of text, and par.icu.arly the papers therein by Gait, pp ,. 
22, Adonson e. al., pp35-81 ; Sproa. e. al., pp 83-1 1 5 ; and Wu e. al„ pp 135151 ■ 

4. Nucleic Acid Hybridization: A Practical Approach (B. D. Hantes I s , 
Higgms, eds., 1985) IRL Press, Oxford, whole of text; ' ' 

5. Perbal, B., A Practical Guide to Molecular Cloning (1984)- 

6. Wnnsch, E., ed (1974) Synthase von Peptiden in Houben-Weyls Metoden der 
Orgamschen Chemie (Miiler, E., ed), vol. ,5, 4ft edn., Paris , and 2 30 
Thieme, Stuttgart. ' u 

7. Handbook of Experimental Immunology, Vols. I-IV (D. M. Weir and C C 
Blackwell, eds., 1 986, Blackwell Scientific Publications) * ' 

Bibliographic details of the publications referred to in this specification are 
collected at the end of the description 

2. Background art 

Diseases of the musculoskeletal system such aa rheumatoid arthritis (RA) 
osteoarthntis (OA), disc degeneration (DD), and osteoporosis (OP) are a major cauTof 
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morbidity throughout the world. These diseases have a substantial influence on health 
and quahty of life and inflict an enormous cost on health systems 

The aetiology of OA is considered to be multi-factorial with ageing, mechanical 
hotmotial and genetic factors al, contributing ,„ vaIying degree , OAme^Tt 
. chmcal syndrome when these etiologica, determinants res u„ in sufficient jomHil 
damage to cause synovial inflammation and the appearance of the symptoms If" 
and impairment of function. P 

RA is thought to arise as a consequence of extrinsic and/or intrinsic triggering of 
an autoimmune response in genetically susceptible individuals. The aggressive 
mflammation initiate* in the joints of RA patients by me activation of thei " 

tone 1 H L ^ ^ abiHty ,0 Prom ° te *•»»*» of cartilage 

bone and other intra-artiouar join, tissues leading to ftrth CT impairment of 
function and progression of the disease. While both OA »„H pa k 
paUtologica, feam. of cartilage destruction »d ^ in^flotl™ 
and tempera, history of these events are cleariy distinct. Nevertheless, LtocJZ 
jom, cartage is common to bom OA and RA and mere is now strong evidence 
breakdown and release of the matrix components from cartilage play a signified rm 
in the chronicity of these diseases. sigmncant role 

Cartilage may be considered as an anisotropic biomaterial composed essentially 
t^TT fibr0l t " ° f *• " flbrflS Prised wt 

^ ^ ta 3 Pr ° ,e0glyCan ™ ** cellular 

ITe me^T v T " 9 ° % ° f t0, <" "«*o «* — cartilage 

wlule the type IX content is only 1 -2%. 

^ K ~llagen is a hetempolymer consisting of three genetically distinct 
alpha chains, al(IX), <*2 (IX) and o3 (IX) whose molecu!ar struck and ammolcid 
sequences have been described (Pihlaiamaa T « *. n. . • 
huniM iv„. rv „ trimajamaa T, et al. Charactensation of recombinant 

Z , , ^ aSS ° Cia ' i0n ° f " ChainS in, ° homouimerie and heterotrimeric 

aOwteL t T'- 274: 224M - 22468 ' 19 " )(US ^ 127 . 5 «. Oc'ober 7 

2000X The type X a-chains contain 3 trip^helica. domains, COL., COL2 and COL3 

and four non-collagenous domains, NCI, NC2, NC3 and NC4. The NCI and NC3 

ZT 7 ^ ™ &nn 1— cu,ar disulfldeTnxag" 

benveen me a-chains. Only the a,(,X) chain contains a NC4 domain (see Fig^ » 
and me sequence ftom chick stemia has been shown to consist of 243 aminHc d 

zzzvf*? raoiccuiar mass ° f 27 - i39Da - ° v -" po^iv 

(Vastos G, N,sh,mura I, Konomi H, van der Res. M, Cartilage Type IX coUagen- 
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proteoglycan contains a large amino-terminal globular domain encoded by multiple 
exons. J Biol Chem 263: 2324-2329,1 988). multiple 

The type IX collagen heteropolymer is linear except that the NC3 domain acts 
like a hinge allowing the NC4 reeion of the «i m,*- . • oomain acts 

, . 6 ^ region oi tne al chain to proiect awav from th* o*w 

import 2 m,n ° r C ° mPOnent ° f CartUa8e - «»» IX ""'as- P™vides an 

™ T" 1 ™'"* *" 11 flb ™ s " — which is 

7" V" ° P " mUm Ph ^ ical ««*■ of this weight-bearing tissue. Type IX 
collagen resrdes on the surface of «he type II eoHagen fibn.s to whth i. is colXmy 

Z n 2 ? I Pyridin ° ,ine "~*** « while 

type II flbnl network intersects. By cross-linking the type n couagen fibrils Z K 
collagen would appear to constrain the expansion caused by the tabibZXto 

» -eg,- don,. ,o sr. sr^rssr: 

The aggrecans of cartilage are macro-molecular aggregates of PP -a 
widen are non-covalendy attached a,o„g the .englh chain Each 

'0 ZZTT* 2 °" 50 P ° " ^ ** W «" - HA blbon s 
20 stab.hsed by ternary m.eractions with link protein. The PG subunils consist of a 
protem core to which up to 100 GAG chains are cnvalenfly linked Z ml GAr 
subsntuentsof the PGs are the chondroitin sulfates (ChS, and k^ ^ ° 

n^nber of 'r»,7 "* ««■«• -tains a ,arge 

» p^r ( coMPwir s pr : ,eins ' fte most abundaM beii * * 

Protem (COMP), cartrlage matrix protein (CMP), and thrombospondin COMP is 

^ t IX ^ C<>,nPOnen, ° f *» * ' 

wtft type K coUagen and plays a rol e in the deve.opmen, and assemb.y of w n 

IX X H? lde " P ' " a CartUa6e 0li ^-«x Protein intemcl wi^ 

dre actum of endogenous proteinases. These products of cariUage blkdowTfcave 
joints thereby contnbuting to the rate of disease progression. 
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In arthritic diseases, the excessive breakdown of cartilage and bone and the 
concomitant elicitation of an inflammatory reaction provoked by the release of 
autoantigens are responsible for their chronicity. However, there is accumulating 
evidence to indicate that these matrix molecules could also be responsible for the 
initiation of joint diseases by acting as autoantigens. Indeed, systemic administration 
of type II collagen or other matrix components together with adjuvants to laboratory 
animals have been used to produce animal models of arthritic disease (Creamer MA 
Rosloniec EF, Kang AH. The cartilage collagens: a review of their structure' 
organization and role in the pathogenesis of experimental arthritis in animals and 
human rheumatic disease, J Mol Med, 76: 275-288, 1998). 

In the case of cartilage collagens, this knowledge has led to the development of 
means of treating rheumatic diseases by using the concept of oral tolerisation (Weiner 
HL, Komagata Y. Oral tolerance and the treatment of Rheumatoid Arthritis. Seminars 
Immunopath, 20: 289-308, 1998). Thus it has been shown that suppression of type II 
collagen-induced arthritis in animal models can be achieved by oral administration of 
ow doses of type II collagen. Oral tolerisation of arthritic patients by administration of 
type II collagen has also been shown to be effective clinically and therapeutic effects 
have been reported with small (less than lOOmg) daily doses of type II collagen 
antigens Studies using rheumatoid and juvenile rheumatoid arthritis patients 
confirmed the efficacy and safety of low daily oral doses of type II collagen derived 
from chick sterna (Trentham D, et al. Effects of oral administration of type II collagen 
on rheumatoid arthritis. Science, 261: 1727-1730, 1993) (Barnett et al, A pilot study of 

3°9 3 ™ TooT^ treataent ° f jUVCnile rh6Umat0id **** *»-m. 
39.623-628, 1996). Other studies have indicated that cartilage collagens obtained from 

bovine sources were less effective than those prepared from chick cartilage 

Unfortunately, some studies have found that high doses of type II collagen may 
m fact exacerbate disease since, as already indicated, this cartilage derived antigen is 
also an arthntogen and it is difficult to accurately determine how much of this antigen 
would be effective or detrimental to the arthritic process. With regard to other cartilage 
collagens types X, XI are arthritogenic, while type IX collagen has been reported to be 
not as effective as type II collagen as a tolerant in some animal arthritis models (Lu S et 
al, Different therapeutic and bystander effects by intranasal administration of 
homologous type II and type DC collagens on the collagen- induced arthritis and 
Pnstane-induced arthritis in rats. Clin Immunol. 90:1 19-127, 1999) 

In another study using recombinant^ produced in-taci native type IX collagen it 
was found that when it was given orally to B10 congenic mice this collagen was able to 
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ameliorate the arthritis produced by prior inoculation with type II collagen (collagen 
induced arthritis, CIA). The recombinant type IX collagen was also tested for 
immunogenicity in other murine models and unlike type II collagen, it failed to induce 
overt arthritis in mice immunized with this protein (Myers L K et al, Immunogenicity 
of recombinant Type IX collagen in murine collagen-induced arthritis. Arthritis 
Rheum. 46:1086-1093, 2002). 

The discrepancy between the Lu et al (1999) and Myers et al (2002) may be 
explained by differences in the purity and molecular size of the type IX collagen 
preparations. Recombinant technology is considered the only means of obtaining pure 
native type IX collagen since very little can be extracted from the cartilage matrix 
without using proteolysis as it is covalently bound to the type II collagen fibrils. The 
most common proteinase used to extract type IX collagen from cartilages is pepsin 
which is a commercial preparation generally derived from porcine stomach mucosa 
Pepsin is not present in cartilage. This enzyme hydrolyses the non-collagenous 
domains of the type IX molecule releasing the native COL1, COL2, and COL3 triple 
helical segments which are isolated from the mixture by precipitation leaving the 
partially degraded non-helical NC domains in solution. 

The endogenous proteinases responsible for the normal turnover of type IX 
collagen in cartilaginous tissues are presently unknown. However, the matrix 
metalloproteinase (MMP) family, the serine proteinases and cysteine proteinases are all 
known to degrade type IX collagen in vitro in both the helical (COL) and non-helical 
(NC) domains. 



25 



30 



SUMMARY OF INVENTION 

In work leading up to the present invention, the inventor sought to recover 
connective tissue derived polypeptides having anti-arthritic or anti-inflammatory 
activity. The inventor found that polypeptides produced by autolysis of connective 
tissue and having a molecular weight of less than 30,000Da had anti-arthritic or anti- 
inflammatory activity. 

The inventor also found that administration of a composition comprising one or 
more connective tissue derived polypeptides having a molecular weight of less than 
30,000Da, tolerised individuals to antigenic components of cartilage and prevented the 
appearance of symptoms of arthritis. 
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Analysis of the polypeptides using proteomic techniques showed that fragments 

InZTV Pr ° dUCed ^ ** digeSti ° n ^ St ™* ^ -ith thT N C4 

domain of collagen type IX alpha 1 chain. 

Accordingly, ihe present invention relates to the use of a polypeptide comprising 
5 . collagen type K alpha , chain NC4 domain or biologically augment ZZ 
havmg ant.-ar.hnue or anti-inflammatory activity f„ r m e neahnen, or^ventiZf 
^-^de g «era a vedis^„f ttlemu ^ oAeI ^ s ^ inm ^. v . d ™ 0f 
In a first aspect the invention provides a phamtaceutical composition for treating 
or prevenfing arthritis or other degenerate disease in an individual, said composition 
.0 compnsmg a polypeptide comprising a collagen type IX alpha 1 chain NC4 doml o 
b.o>og,cal.y active flagmen, thereof having anti-arthriuc or anti-inflammatory activity 

heTl T 3 P "~ *** * 

he polypepfide has a molecular weigh, of less than 30,0OODa and/or an amino acid 
length of less than 250 amino acids. In a further prefOT ed embodiment me 
15 polypepfide or biological* active flagmen, mereofis derived from a mammal 

In another aspect me invention provides a pharmaceutical composition for 
mducng tolemnce m an individual «„ a. .eas. one antigenic componen. of cartilage 
s»c con.pos.fion comprising a polypeptide comprising collagen type IX alpha 1 chain 

20 Z T 1 " ° r . b ' 0l0g,Cally ™™ having anti-artiuitic or anti- 

20 ^^tory^i,^^^^^^ ant, 

Purred embodiment me coHagen type DC alpha 1 chain NC4 domain po.yp^de L 
LTn" M "™ 3O '° O0Da M m ^ >-» ° f !» "0 

In one example, (he collagen type IX alpha 1 chain NC4 domain comprises 

no t6m n£££r m " provided in seq id no seq id n ° u - seq id 

=L m ™ amin ° aCid Se<,UenCe Wh ' Ch ' S * least 70% idOT ^l 'o either SEQ ID NO 1 
SEQ ID NO 14, SEQ ID NO 16, or SEQ ID NO 18, or 

(iii) a biologically active fragment of (i) or (ii). 

30 aci H «»• « alpha 1 chain NC4 domain comprises an amino 

ae,d sequence wmch is a, leas, 75%, preferably 80%, 85%, 90% or 95% identical"" 
any one of SEQ ID NO 1, SEQ ID NO .4, SEQ ID NO 16, or SEQ ,D NO 18 



35 



In one example, the collagen type IX alpha I chain NC4 domain comprises- 
W an amino acid sequence as provided in residues 21-182 of SEQ ID NO I- 

SEOIDNOl 81 ° fSE , QIDN ° ™« 72-18, °f SEQ ID NO 1, residues 98-182 of 
SEQ ID NO l.or residues 123-182 of SEQ ID NO l;or 
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(ii) an amino acid sequence as provided in residues 24 - 268 of SEQ ID NO 14- 
residues 29 - 268 of SEQ ID NO 14, residues 29 - 215 of SEQ ID NO 14 residues 29 
209 of SEQ ID NO 14, residues 29 - 208 of SEQ ID NO 14, residues 29 9^1 
NO 1 4, or residues 1 08 - 208 of SEQ ID NO 1 4. 

5 In another example, toe collagen type IX alpha 1 ehain NC4 domain eotnprises 

at least one of SEQ ID NOs 2-11. 

In a preferred embodiment, inducing tolerance in the individual prevents at least 
one symptom of arthritis or other musculoskeletal degenerative condition in the 
individual. 

10 As used herein to "prevent at least one symptom" refers to defending against or 

inhAxtrng a symptom, delaying the appearance of a symptom, reducing the severity of 
me development of a symptom, and/or reducing the number or type of symptoms 
suffered by an mdividual, as compared to not administering a pharmaceutical 
composition comprising a polypeptide of the invention. Accordingly, throughout this 

15 description, it will be understood that any clinically or statistically significant 
attenuation of even one symptom of a musculoskeletal degenerative condition pursuant 
to the treatment according to the present invention is within the scope of the invention 

The present invention also provides a method of inducing tolerance in an 
mdividud to at least one antigenic component of cartilage comprising administering the 

* individual with an effective amount of the pharmaceutical composition according to the 
first aspect of the invention. 

of ra Prcfe ? b l y ^ meth ° d ° ftadUCing toleranCe in fte indWdual P™'"* <»° onset 
of the musculoskeletal degenerative condition. 

•5 desenerar^/' UleinVMti ° n * «*«" «» Preventing a muscmoskeleta! 

.5 degenerate condition m an individual comprising administering a pharmaceutical* 
effective amount of a composition according to the flrat aspect to the individual 

Further the invention provides a method for preventing an autoimmune 
response to a, least one antigenic component of cartfiage comprising administering a 
composttton according to the first aspect of the individual. 

0 In related aspects, the invention further provides for use of a polypeptide 

compnsing a collagen type IX a!pha . chain NC4 domain or biofcgicW active 
fragment having ant-arthrific or anti-inflammatory activity in combination with a 
Pharmaceutical., acceptable carrier in toe manufacture of a medicament for inducing 
toleranco to a, least on. antigenic component of cartilage or for preventing a 

5 musculoskeletal degenerative condition in an individual. 
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Preferably, the pharmaceutical composition of the present invention is one 
winch prevents at least one symptom of arthritis, such as for example inflammation 
joint tenderness, joint swelling, joint stiffness, restricted mobility, or strength reduction' 
when administered to a naive individual. 

In one example, the individual is a naive individual. By "naive individual" is 
meant that preferably the individual does not present two or more symptoms of a 
musculoskeletal degenerative condition, more preferably the individual does not 
present a symptom of a musculoskeletal degenerative condition. This may be prior to 
or during or post the course of a musculoskeletal disease. 

In a further aspect, the present invention provides methods for recovering 
polypeptides having a molecular weight of less than 30,O00Da from connective tissue 
wherein connective tissue particles are subjected to autolysis in the presence of an 
autolysis medium such that a mixture of glycosaminoglycan peptides and polypeptides 
are released from the connective tissue particles into the autolysis medium The 
process of inducing autolysis has previously been described in PCT/AU03/00061 (in 
the name of the Applicant), which is incorporated herein by reference. According to 
the invention, polypeptides are recovered from the medium and are separated according 
to size. The invention also provides methods for separating and identifying the 
recovered polypeptides according to their size and charge. 

Accordingly, in one example the method for preparing a polypeptide having 
anti-arthntic or anti-inflammatory activity comprises isolating a mixture comprising a 
GAG-peptide and a polypeptide having a molecular weight of less than 30,000Da by 
autolysis from connective tissue, separating the GAG-peptide from the polypeptide 
and recovering the polypeptide. ' 

In a related example, the present invention provides a method for preparing a 
polypeptide having anti-arthritic or anti-inflammatory activity, the method comprising 

(i) incubating a connective tissue in an autolysis medium that provides a buffered 
PH range of between about P H 2.5 and about P H 8.5 for a time and under conditions 

,n ' Uffi " en V° releaSe 3 GAG "P e P tide - d * Polypeptide having a molecular weight of 
30 less than 30,000Da, 

(ii) recovering a mixture comprising the GAG-peptide and polypeptide from the 
autolysis medium; 

(iii) separating the polypeptide from the GAG-peptide; and 

(iv) recovering the polypeptide having a molecular weight of less than 30,000Da 

35 Any well known techniques such as for example, chromatography, ion exchange 

techniques, gel filtration (eg. diafiltration or ultrafiltration), gel electrophoresis (eg one 
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d_d or two dunensiona.) or any other method of separating and/or reeovering 
polypep tides accenting , 0 .heir size and molecular weigh., or combination thereof can 
be used to recover the polypeptide from the mixture. 

A combination of the same or similar techniques may be used and may be 
5 repeated. In th, s way, fractions of polypeptides of different molecular weight ranges 
may be obtamed and individual polypeptides can also be recovered 

deriv J'"''? 61 ""'? reC ° Vered " y meth0d ° f "» bven,i0 » « «»»««ve tissue 
denved polypeptides. The present invention clearly contemplates that the recovered 

polypeptides may comprise mixtures of polypeptides or individual polypeptides 

The mv»tor has found that the recovered polypeptides and mixtures 'thereof 
have enhanced and/or different pharmacological activities to the OAG- 
P»olypeptide mixture. The polypeptides according ,o the present invention are 
ftosecomtecttve-tissue derived po.ypeptides having anti-arihritic or anti-inflammatory 
activty. ,n one embodtment, a polypeptide of the invention reduces rear paw 

^ZTVtb ra,S lndUCed — ' — a 

polypeptide of me mvention decreases tai. inflammation in rats with coflagen indu ed 

-fl^jn another embodiment, a po.ypeptide of the invention decrees fore paw 

20 S ,nVen " 0n d ~ Wei *' ' 0SS " Wit " -duced 

tissue iD8 ! y ' m °* er eXamP ' e ° f 1116 PreSen ' inVen "° n " rovides * -""««ve 

T tT V u PO,yPept,de ' tavin 8 a mol ^« weight of less than 30,000Da which is 
obtatnaae by the method of the invention, and having anti-arthritic or am 
inflammatory activity. 

25 W 7°f* *" inVenti ° n Pr ° VideS a COmK,ive teue d ™ed polypeptide 

havmg a molecular weight of less than 3O,O0ODa which is obtainable by 

0) mcubating a connective tissue in an autolysis medium that provides a buffered 
pH range of between about pH 2.5 and about pH 8.5 for a time and under conditions 

3o rzv^ : a gao ~ - * — * — weigi;:; 

ZyZ^Z' miX,Ure - GAGW ' ide *e 

(iii) separating the polypeptide from the GAG-peptide- and 

(iv) recovering the polypeptide having a molecular weight of less than 30,000Da 

A iNrat" Z reC ° Vered POlyPeP,ide a "on-collagenous region- 

4 (NC4) of the coflagen type DC al chain, or biologically active fragment thereof 
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The effects observed for the polypeptides of the invention on rats with collagen 
induced arthritis also provide application for the polypeptides in the treatment 
protects and restoration of connective tissues in inflammatory and degenerative tissue 
diseases such as rheumatoid arthritis and osteoarthritis in all animals. Preferably the 
polypeptides of the present invention prevent antigen driven autoimmune diseases in 
animals. In another preferred embodiment, polypeptides of the invention reduce 
symptoms associated with antigen driven autoimmune diseases in animals 

myuJT^'J 1 " t0 ^ UnderSt ° 0d ^ *" f ° r80in8 CXampleS 
mutandis to each and every aspect of the invention. 

Accordingly, the invention provides a pharmaceutical composition for treating 
or preventing arthritis or other musculoskeletal degenerative disease in an individual 
scud composition comprising one or more connective tissue derived polypeptides 
having ; anti-arthritic or anti-inflammatory, wherein said polypeptide is obtainallTby I 
method comprising isolating a mixture comprising a GAG-peptide and a polypeptide 
having a molecular weight of less than 30,000Da by autolysis from connective tissue 
separating the GAG-peptide from the polypeptide, and recovering the polypeptide ' 
The invention also provides a pharmaceutical composition for inducing 
tolerance in an individual to at least one antigenic component of cartilage, said 
composition comprising one or more connective tissue derived polypeptides having 
anti-arthritic or anti-inflammatory, wherein said polypeptide is obtainable by a method 
compnsing isolating a mixture comprising a GAG-peptide and a polypeptide having a 
macular weight of less than 30,000Da by autolysis from connective tissue, separating 
* GAG-peptide from the polypeptide, and recovering the polypeptide having I 
molecular weight of less than 30,000Da. 

Preferably, inducing tolerance in the individual prevents at least one symptom of 
a musculoskeletal degenerative disease in the individual. 

In another example, the present invention provides a method for preventing a 
musculoskeletal degenerative condition in an individual comprising administering L 
individual with an effective amount of a pharmaceutical composition comprising one or 
more connective tissue derived polypeptides having anti-arthritic or anti-inflammatory 
wherein said polypeptide is obtainable by a method comprising isolating a mixture 

ZoT V GAC T Peptide "* a P « de ha ™S a molecular weight of ,ess than 
30 OOODa by autolysis from connective tissue, separating the GAG-peptide from the 

„ C%T d '' ^ reC ° Vering ^ P^tide having a molecular weight of less than 
33 3O,000Da. 
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In another example, the present invention provides a method for preventing 
autonnmune response in an individual to at least one antigenic component of cartilag! 
comprising admmistering the individual with an effective amount of a pharmaceutical 
composition comprising one or more connective tissue derived polypeptides having 
. anti-arthnuc or anti-inflammatory, wherein said polypeptide is obtainable by a method 
compnsmg elating a mixture comprising a GAG-peptide and a polypeptide having a 
modular weight of less than 30,000Da by autolysis from connective tissue, separating 
*e GAG-peptide from the polypeptide, and recovering the polypeptide having I 
molecular weight of less than 30,000Da. 

m an mdtvtdual, comprising administering to the individual an effective amount of a 
connective tissue derived polypeptide according to the invention and having and- 
artattc or anti-inflamrnatory activity, wherein said polypeptide is obtainable by a 
method compnsmg iso.ating a mixture comprising a GAG-peptide and a polypeptide 
havtng a molecular weigh, of less than 30,0O0Da by autolysis from connective tissue 
separating the GAG-peptide from the polypeptide, and recovering the polypeptide 
havmg a molecular weight of less than 30,OOODa. 

In other related examples, the present invention provides for use of one or more 
connecttve tissue derived polypeptides having anti-arthritic or anti-inflammatory, in the 
preparation of a medicament for the treatment or prevention o, arthritis m oth er 
muscu oskeletal dtsease in a subject, wherein said polypeptide is obtainable by the 
method compnsmg isolating a mixture comprising a GAG-peptide and a pdypeptide 
havtng a molecular weight of less man 30,000Da by autolysis from connective^ tiLe 
separating the GAG-peptide from the polypeptide, and recovering the polypeptide 

tissue * ° ne ; Xam f' 6 inven,ion l"™"- «- <** of one or more connective 
tissue denved polypeptides having anti-arihritic or anti-inflammatory, i„ the 
preparation of a medicament for tolerising an individual to a, leas, on! antigenic 

II-;^* " - *W. «■ obtainable by a metitod comp risin 
tsolattng a mtxture compnsmg a GAG-peptide and a polypeptide having a molecular 

p w lt°fr T 30 ; mD * by au,0,ysis from — *• *«* « " 

peptide from the polypeptide, and recovering the polypeptide having Secular 
weight of less than 30,000Da. 

and/or ^^^V ^ ^ " *' " ** ™*tfc» 

ltd r ^ be made 10 *" ' nVenti0n 85 sh ™> I" *o ^oific 

embodtments wtthout departing from the spirit or scope of the invention as broadly 
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described. The present embodiments are, therefore, to be considered in all respects as 
illustrative and not restrictive. 

DETAILED DESCRIPTION OF THE FIGURES 

5 

Figure 1 is a schematic representation of the Human type IX collagen molecule 
showing the 3 a chains which constitute the heteropolymer and their collagenous 
(COL) and non-collagenous (NC) domains. The COL regions are triple helical while 
the NC domains are non-helical. Cysteine residues in the NC3 and NCI Regions allow 
10 disulfide bond interactions. NC4 is only present on the al(IX chain and is overall 
positively charged allowing it to interact with polyanionic glycosaminoglycans in the 
extracellular matrix. A single chondroitin sulfate chain is attached, via a serine residue 
to the NC3 region of the <x2(IX) chain in the native molecule. 

15 Figure 2 is a schematic diagram of the methods used for the separation and sub- 
fractionation of the glycosaminoglycan peptide and polypeptide mixture (eg calcium 
peptacan (CaP)) into purified GAG-peptides and polypeptides using ion exchange 
media. to 



20 Figure 3 is a photographic representation of the SDS-PAGE 1-D electrophoresis of the 
proteins/polypeptides isolated from the glycosaminoglycan-peptide and polypeptide 
mixture (CaP) using the ion-exchange schema shown in Figure 2. 

Figure 4 is a photographic representation of the SDS-PAGE 2-D electrophoresis of the 
25 proteins/polypeptides isolated from the glycosaminoglycan-peptide and polypeptide 
mixture (CaP) using the ion-exchange schema shown in Figure 2. The majority of the 
spots resolved by this procedure were isolated and subjected to trypsin digestion 
sequence analysis using Matrix Assisted Laser Desorption Ionisation mass 
spectrometry (MALDI-MS). 

Figure 5 identifies the polypeptides separated by the SDS-PAGE 2-D electrophoresis 
after tryptic digestion and MALDI-MS of the cleaved fragments determined by 
comparison with corresponding trypsin digestion fragments available in published 
databases. 



30 
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Figure 6 is a table of the physical characteristics (MW and pi) of protein fragments 
polypeptides found in Calcium Peptacan after ion-exchange treatment and 2D 
electrophoresis as described in Figure 4. 

Figure 7 is (i) an amino acid sequence of cartilage oligomeric matrix protein (fragment) 
- bovine and (ii) an amino acid sequence for oderant binding protein - bovine obtained 
from the ExPASy TrEMBL database on which the peptide sequences obtained from the 
peptide mass fingerprinting of gel spots 2 and 19 respectively have been superimposed 
as bolded type where they are identical. 



Figure 8 is a map of the partial sequence of the bovine NC4 domain of type IX collagen 
alpha 1 chain sequence obtained from the ExPASy TrEMBL database on which the 
peptide sequences obtained from the peptide mass fingerprinting of gel spot 13 (Figure 
4) has been superimposed as bolded type where they are identical. The sequence match 

15 for spot 13 is 62% but all the spots identified from Figure 4 found to be related to the 
collagen al(IX)-chain contained the 173-181 peptide present on the bovine al(IX)- 
NC4 domain. The nearest peptide to the N-terminus is the 21-39 peptide. All the spots 
identified as from type IX collagen except 10 and 15 had this peptide. The nearest 
peptide sequence match to the C-terminus at 187 was the peptide 173-181 which was 

20 present in all the <xl (IX)-NC4 spots identified by MALDI-MS. 

Figure 9 is the amino acid sequence of the NC4 domain of the type IX collagen alpha 1 
chain from 17 day old chick embryos sterna as reported by Vasios et al. (J Biological 
Chem. 263, 2324-2329, 1998) on which the amino acid sequences identified from the 
25 MALDI-MS analysis of the polypeptides separated by 2D electrophoresis have been 
superimposed indicating where the sequences are identical as bold type and underlined. 

Figure 10 shows the human NC4 domain of the type IX collagen alpha 1 chain 
(sequences 24-268) obtained from the Swiss-Prot & TrEMBL data-bases (released 07- 
30 June-2004) on which the amino acid sequences identified from the MALDI-MS 
analysis of the polypeptides separated by 2D electrophoresis have been superimposed 
showing where the sequences are identical as bold type and underlined. Sequence 1-23 
is the signal sequence for the human NC4 domain of the type IX collagen alpha 1 
chain. 
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Figure 11 is summary of the toleragenic and prophylactic/therapeutic protocols used to 
evaluate the antiarthritic effects of the polypeptides INR-195 and INR-126 in the rat 
collagen induced arthritis (CIA) model. 

Figure 12 shows the results obtained for the anti-arthritic effects of the polypeptide 
fractions INR-126, INR-195 and the established anti-rheumatoid arthritis drug 
aurothiomalate (ATM) using the rat CIA-prophylactic/therapeutic protocol. Note thai 
INR-126 and INR-195 appear to show similar anti-arthritic activities at 20 mg/kg and 
are both superior to ATM in this animal model. 

Figure 13 shows the results obtained for the anti-arthritic effects of the polypeptide 
fractions INR-126, INR-195 using the rat CIA-toleragenic protocol. Note that the 
smaller MW fraction INR-126 appears to exhibit a more longer lasting toleragenic 
activity than the higher MW fraction, INR- 1 95 . 

Figure 14 show representative photomicrographs of stained histological sections, 
prepared and stained using standard methods, of hind-paw joints from normal and the 
untreated rat collagen induced arthritis (CIA) model at day 18 showing the extent of 
inflammatory cell invasion and destruction of tendons, cartilage and bone. 



Figure 15 shows representative photomicrographs of stained histological sections, 
prepared and stained using standard methods, of hind-paw joints from normal and the 
rat collagen induced arthritis (CIA) model at day 18 of animals treated orally with the 
polypeptides INR-126 (20mg/kg) and INR195 (20mg/kg) using the toleragenic or 
25 prophylactic/therapeutic protocols. Note the reduction of the inflammatory cell 
invasion and destruction of tendons, cartilage and bone compared to the untreated 
groups shown in Figure 14. 



30 DETAILED DESCRIPTION OF THE INVENTION 

1. Autolysis 

Connective tissue is an animal tissue that supports organs, fills the spaces 
between them, and forms tendons and ligaments. The term "tissue" as used herein 
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refers to a group of similarly specialised cells that perform a common function. As used 
herein, t,ssue is intended to include an organ composed of a given tissue and to the 
cells, individually or collectively, that compose the tissue. 

In one embodiment, the connective tissue is a cartilage. In another embodiment 
the connective tissue is non-cartilage material eg. lung, skin, bone, ligament or tendon. 

Preferably the cartilage is tracheal, articular, auricular, nasal, sternal, rib 
skeletal, or antler cartilage. Cartilage may, however, be any type of cartilage 

Connective tissue may be obtained from any animal having connective tissue 

In one embodiment, connective tissue is selected from any one of the following- 
human, bovine, ovine, porcine, equine, avian, cervine and piscine species. Preferably 
the connective tissue is bovine, ovine, porcine, cervine, shark or equine. 

In one embodiment tissues from young animals are preferable eg a calf. In an 
alternate embodiment a more mature animal is preferred. 

The connective tissue may be treated and washed as required by methods known 
m the art to remove any adhering soft tissues. In one embodiment the connective tissue 
is reduced to a particle size. In an alternate embodiment the connective tissue is not 
reduced to a particle size. 

The connective tissue can be reduced to a particle size by means including, but 
not limited to, mincing, dicing, grinding and the like. In one embodiment particle 
diameter is less than about 5mm, preferably less than about 4mm, more preferably less 
than about 3mm. Most preferably, the particle diameter is about 0.1mm to about 3mm 

The terms "incubate" or "incubating" mean to maintain (a chemical or 
biochemical system) under specific conditions in order to promote a particular reaction 

As used herein the term "autolysis" refers to the digestion of cellular 
components by endogenous hydrolases and proteinases released from lysosomes or 
associated with the cell and its pericellular matrix following cell death, causing self 
digestion of tissue. A person skilled in the art will appreciate that the rate of autolysis 
will vary with many factors including pH, temperature, concentration, tissue type 
tissue particle size and time of incubation. 

The term "buffer" refers to a compound, usually a salt, which, when dissolved in 
an aqueous medium serves to maintain the free hydrogen ion concentration of the 
so ution within a certain pH range, when hydrogen ions are added or removed from the 
so ution. A salt or solution is said to have a "buffering capacity" or to buffer the 
solution over such a range, when it provides this function. Generally a buffer will have 
adequate buffering capacity over a range that is within ± lpH unit of its pK 
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is seJ^Zt 0 v diment " 4 m ° n0ValeM Sa "- Prefeably "» — '«« «* 

kT" M ^ ° f hydr ° gen ' S ° diUm ' P 0 ^™- « ™™>nmm. to an 
« embod, m e„, the S a,« is „ 0 « a monova.cn, salt . In mother Ae sa „ 

5 zmc. Most preferably toe salt is cakium or magnesium. 

In one embodiment the pH i s in the range of about 2.5 to about 8 5 preferably 

« : ah:: 7 abou ' 8 -°' more preferawy ab ° ut 4 ,o — 7 - - **xzz 

The term "condition" refers to other factors which affect the rate, efficiency and 
10 amount of autolysis, such as, for example, temperature and time 

In one embodiment the temperature conditions for carrying out toe step of 

TZc m ranse of ftom about 20 ' c ,o about 45-c - — ^ o 
Zc 27 P TT? 0M 32 ' c 10 abou ' 45 ' c - more « — o 

aoout 4U C most preferably about 37°C. 

15 h„„ 10 ^ t ^ ,b0dimen,, * e aUt0lySiS ,akeS "P to 48 "ours, Preferably up to 36 
hours, preferably up to 24, preferably up to ! 6 hours, more preferab.y 16-24 hours 

In a preferred embodiment, cartilage particles of size l-3mm are subject to 
au«oly Sls ,n an aqueous medium a, a P H of 4-5 and temperature of 32-45"C for 16-24 

20 which areCZ^T TV*" " * — of proteoglycans, 

whmh are composed of repeanng d,sacchande units continuing a derivative of an amino 

sugar (Cher glucosamine or galactosamine) gl ycosidically linked to gtocurenic or 

tduromo actd. The most common derivatives being O-sulfated esters subLtedTn toe 

4or6pos,tionsoftoeN-aoe,yla.ed glucosamine or galactosamine rings 

s^f jTT'r ° f ° A0S taC,U<ie hySlUr0niC aCid 0W*™«0 (which is non- 
sulfated), chondromn sulfate, keratan sulfate and heparan sulfate 

The terms "protein", "polypeptide", or "peptide", when used herein are 
mterchangeab.e and refer to amino acids in a polymeric form of any length 

30 with G ^ G ; PeP " deS Iwly » e P ,ides «» <» recovered from toe autolysis medium 
30 wtft well known metood, For example, in one embodiment, toe residua. toTe 
P rtieles are removed by titration from toe autolysis media and toe mixture of GAG- 
Wtide competes and po.ypeptides recovered from toe supernatont. In anX 
embod men., toe restdua, tissue partic.es are no, removed from toe autolysis medium 

35 « ™ « mbodim «<- supemato, is neutralised by addition of an alkaline 
35 solution containing a cation. «u*airae 
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In one embodiment the supernatant is freeze dried. In an alternate embodiment 
the supematent is not freeze dried. 

aulo, AItem , a " Vely * e mixtaK ° f <5AG-pep,ide and polypeptide is recovered from the 
autolysK medium or supernatant by precipitation with excess quantities of acelone or 
5 aliphatic a,coho.s, such as, for example, ethanol or methanol. In another embodiment 
fte rn.xti.re , . f GAG-peptide and polypeptide is recovered from me auloiysis mZn 
or supenialan by the formation of waler i„so.ub.e complexes with quaternary 
—n sal* such as cety, pyridinium, chloride. ,n anolher embodiment Z 
10 ;'; e toe ; f t 0 h AG ^'' de -* P«*W*d. are recovered from the autolysis medium or 
10 ^pematan, by separation using size exdusion or ion-exchange or other forms of 
column chromatography or membrane filtration technology. 

2. Separating and recovering the polypeptides of, he invention 

Following recovery of the mixture of the GAG-peptide and polypeptide the 
15 polypeptide and GAG-peptide can be separated by methods well known inl j, 

an io„ l eral " y ' t miXtUre ° f GA °W de — 1» P<">Peptide is subjected ,o 
n .on exchange lechn, q ue. In one embodiment Ihe mixture of ft. GAG-peptide and 
fte polypeptide , subjected to ion exchange solid phase media. In one embodlen. the 
solid phase med.a is DEAE sephaiose. In a preferred embodiment, fte solid phi 
20 med.a.spre-swollenDEAE-Sepharose-6B. 

Recovery of fte polypeptide refers to any well known separation technique. In 
one «nbod,men, fte po.ypepfide can be recovered by, for examp.e, chromatography, 

Itiolt" 86 , S " fl " ra,i0n <* diafiltati ° n « "'^'trationl, ge 

25 seTX T (es ;r mensional or dimensional) " "W °*« — »d «f 

,t;Ltoto a . ,S ^ " reC ° Vering * — weigh, of 

m,v h A C °™ b ' na '; 0n ° f *• Same 0r stail » ^paration techniques may be used and 
may be repeated. .» this way, fractions of polypeptides of different molecu,ar weigh, 
10 ranges may be „b,ained and individual polypeptides can also be recovered It win be 
understood fta, separation of polypeptides according ft size and molecular may b 
performed in any order. 

Accordingly, in one example fte recovered polypeptides are subjected ,o a 

is 7ZT t que ,0 r T er polypep,ides having a moleM " ar «w« ° f «— *» 

'Zn ™ e u reC0Vered Po'VPopodes having a molecular weigh, of greater ftan 
1,0000a are subjected to a separation technique ,o recover polypeptides having a 
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molecular weigh, of less than 30.000D, Accoidingly, in one example toe peptides 

haveamolecularwe lg h,ofless,han30,000Daandgrea,erftan 1 OOODa 

In another example, me recovered polypeptides are subjected ,o a separation 
^uuue 10 ~»- P°' Wides having a molecular weigh, of grea.ec man f,000Da 
5 and men subjected to a separation technique ,„ recover polypeptides haling a 
molecular weight of greater than 10,000Da. 8 

Accordingly, examples of the invention relate ,o the recover of polypeptides 

h ?, nnTn Wei8ht ° f ' eSS *" 30 ' 000Da - ^ «- 30 -««>^ and 1^ than 
about l.OOODa, and less man 30,000 and greaterthan 10 000 

10 ™ In 8 ^ nb0diment • *' PreSe '" tovention c ° m P ris <* fanning me one or 

ZZZZ '° rM ° Ver tadiVidUal S ~n can be 

performed according «„ a„ y we „ ^ teclmiques ^ ^ fer 

chromatography, one dimensional gel eUcrrophoresis, .wo dimensions. electiophoreL 

15 The inventors have farther analysed and identified me individual polypeptides 

separated by the method of the present invention. polypeptides 

Polypeptides recovered by (he melhod of Ore invention are connective .issue 
denved peptides. Tbe inventors have found ma, .be recovered polypeptide^ 

20 ZT ^ , ^ enhaaMd an4 * >r differeW P"— logical actios to * 
20 GAG-peptide/polypeptide mixtures. 

Accordingly, the present invention pn.vides a connective tissue derived 
pr.ypep.i e, obUmable by .he memod of m. invention, having anti-arthritic or J. 
nflammatory activrty. I„ 0 „ e embodimen, polypeptides of die invention and mixtures 

25 Iw ? T ^ inflan,mati0n ta ratS * anoZ 

2 ^ ° f inVenMon M,d miMures decrease « 

inflammation m raa with coUagen induced arthritis, in another embodimen 
polypeptides decrease fore paw inflammation in rate wim collagen induced aTtiT „ 
y. ano<her embomment, polypeptides of me invention and mixhires Hereof dec ea^ 
we.gh< loss in rate Witt, collagen induced arthritis. 

30 in,... ^ T" H^" ^ term " deriVed " Sha " take " 10 «« a specified 

integer may be churned from a ^ ^ not necessa(jly direct|y ^ ^ » J 

conn J" T embodtaen, > Polypeptides of me present invention tue 

ZT H " P ° lyPeP,ideS ° b,ainab,e by - — "* ° f *• P-en. 

35 ~ n , haV " g m ° ,eC1 " ar «W ™ *• range of !eas man abou. 30,OOODa and 
35 having anti-arthritic or anti-inflammatory. 
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In an alternate embodiment, the polypeptides of the present invention are 
connective tissue derived polypeptides obtainable by the methods of the present 
invent,on having a molecular weight in the range of about l.OOODa and about 30,O00Da 
and having anti-arthritic or anti-inflammatory. 

In an alternate embodiment, the polypeptides of the present invention are 
connective tissue derived polypeptides obtainable by the methods of the present 
invention having a molecular weight in the range of about 10,000Da and about 
30.000Da and having anti-arthritic or anti-inflammatory. 

In another embodiment, the polypeptides of the present invention are connective 
tissue derived polypeptides obtainable by the methods of the present invention, having 
a molecular weight in the range of about 25,000Da and about 30,000Da and having 
anti-arthritic or anti-inflammatory. 

Mixtures of polypeptides which have a molecular weight in a desired range are 
clearly contemplated. 

In another embodiment, individual polypeptides obtainable by the methods of 
the invention having anti-arthritic or anti-inflammatory are contemplated. In one 
example the connective tissue derived polypeptides of the present invention have a 
molecular weight of about 27,000Da. 

In a preferred example, the present invention provides a connective tissue 
derived polypeptide having a molecular weight of about 10,000Da to about 30 OOODa 
having anti-arthritic or anti-inflammatory and selected from the group consisting of: 

(a) a connective tissue derived polypeptide having an isoelectric point (pi) of 
about 6 to about 6.5, and more preferably a pi value of about 6.3 as 
determined by isoelectric focussing. 
25 (b) a connective tissue derived polypeptide having an isoelectric point (pi) of 

about 6.5 to about 7, and more preferably a pi value of about 6.8 as 
determined by isoelectric focussing 

(c) a connective tissue derived polypeptide having an isoelectric point (pi) of 
about 7.5 to about 8.5, and more preferably a pi value of about 7.8 as 

30 determined by isoelectric focussing 

(d) a connective tissue derived polypeptide having an isoelectric point (pi) of 
about 8 to about 8.5, and more preferably a pi value of about 8.2 as 
determined by isoelectric focussing 

(e) a connective tissue derived polypeptide having an isoelectric point (pi) of 
about 8 to about 8.5, and more preferably a pi value of about 8.3 as 
determined by isoelectric focussing 
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(0 a connective tissue derived polypeptide having an isoelectric point (pi) of 
about 8.3 to about 8.8, and more preferably a pi value of about 8.6 as 
determined by isoelectric focussing 
(g) a connective tissue derived polypeptide having an isoelectric point (pi) of 
about 8.8 to about 9.5, and more preferably a pi value of about 9.1 as 
determined by isoelectric focussing 
00 a connective tissue derived polypeptide having an isoelectric point (pi) of 
about 6 to about 6.5, and more preferably a pi value of about 6.2 as 
determined by isoelectric focussing 
10 (i) a connective tissue derived polypeptide having an isoelectric point (pi) of 

about 6.8 to about 7.5, and more preferably a pi value of about 7.2 as 
determined by isoelectric focussing 
Individual polypeptides of the invention have been identified as fragments of 
known protein, Peptides of up to about 30 amino acids were produced by subjecting a 
polypept.de to trypsin digestion and then to Matrix Assisted Laser Desorption 
lonisation (MALDI) mass spectrometry. The peptides have been compared to kTown 
proteins provided in reference databases. 

Accordingly, in another embodiment, the present invention provides an isolated 
polypeptide obtainable by the method of the invention comprising the sequences and % 
match with known proteins as disclosed in Figure 4, wherein the polypeptide or 
polypeptide fragment has anti-arthritic or anti-inflammatory. 

Preferably, the connective tissue derived polypeptide in paragraph (a) supra 

25 (R)IESLP IKPR(G) 

(R)HLYPN GLPEE YSFLT TFR(M) 

(K)IMIGVER(S) 

(R)SSATL FVDCN R(I) 

Preferably, the connective tissue derived polypeptide in paragraph (b) supra 

(K)IMIGV ER(S) 
(K)LGNNV DFR(I) 
(R)IESLP IKPR(G) 
35 (K)HWSIW QIQDS SGK(E) 

(R)IGQDD LPGFD LISQF QIDK(A) 
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(R)HLYPN GLPEE YSFLT TFR(M) 
(K)GLDGS LQTAA FSNLP SLFDS QWHK(I) 
(K)IMIGV ER(S) 
(R)SSATL FVDCN R(I) 
5 Preferably, the connective tissue derived polypeptide in paragraph (c) supra 

compnses one or more of the following sequences following trypsin digestion- 
(K)SVSFS YK(G) 
(K)IMIGV ER(S) 
(K)LGNNV DFR(I) 
10 (R)IESLP IKPR(G) 

(K)HWSIW QIQDS SGK(E) 
(R)IGQDD LPGFD LISQF QIDK(A) 
(R)HLYPN GLPEE YSFLT TFR(M) 
(K)GLDGS LQTAA FSNLP SLFDS QWHK(I) 
15 (K)IMIGV ER(S) 

(R)SSATL FVDCN R(I) 

Preferably, the connective tissue derived polypeptide in paragraph (d) supra 
compnses one or more of the following sequences following trypsin digestion- 
(K)SVSFS YK(G) 
20 (K)IMIGV ER(S) 
(K)LGNNV DFR(I) 
(R)IESLP IKPR(G) 
(K)HWSIW QIQDS SGK(E) 
(R)HLYPN GLPEE YSFLT TFR(M) 
25 (K)GLDGS LQTAA FSNLP SLFDS QWHK(I) 
(R)SSATL FVDCN R(I) 

Preferably, the connective tissue derived polypeptide in paragraph (e) supra 
compnses one or more of the following sequences following trypsin digestion: 
(K)LGNNVDFR(I) 
30 (R)IESLPIKPR(G) 

(R)IGQDD LPGFD LISQF QIDK(A) 
(R)HLYPN GLPEE YSFLT TFR(M) 
(R)SSATL FVDCN R(I) 

Preferably, the connective tissue derived polypeptide in paragraph (f) supra 
compnses one or more of the following sequences following trypsin digestion- * 
(K)SVSFS YK(G) * 
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(K)IMIGV ER(S) 
(K)LGNNVDFR(I) 
(R)IESLP IKPR(G) 
(K)HWSIW QIQDS SGK(E) 
(R)IGQDD LPGFD LISQF QIDK(A) 
(R)HLYPN GLPEE YSFLT TFR(M) 
(K)IMIGV ER(S) 
(R)SSATL FVDCN R(I) 

Preferably, the connective tissue derived polypeptide in paragraph (g) supra 
comprises one or more of the following sequences following trypsin digestion- 
(K)LGNNV DFR(I) 
(R)IESLP IKPR(G) 
(R)IGQDD LPGFD LISQF QIDK(A) 
(R)HLYPN GLPEE YSFLT TFR(M) 
15 (R)SSATL FVDCN R(I) 

Preferably, the connective tissue derived polypeptide in paragraph (h) supra 
composes one or more of the following sequences following trypsin digestion- 
(K)SVSFS YK(G) 
(K)IMIGV ER(S) 
20 (K)LGNNV DFR(I) 
(R)IESLP IKPR(G) 
(K)HWSIW QIQDS SGK(E) 
(R)IGQDD LPGFD LISQF QIDK(A) 
(R)HLYPN GLPEE YSFLT TFR(M) 
25 (K)IMIGV ER(S) 

(R)SSATL FVDCN R(I) 

Preferably, the connective tissue derived polypeptide in paragraph (i) supra 
comprises one or more of the following sequences following trypsin digestion- 
(K)SVSFS YK(G) 
30 (fQIMIGV ER(S) 
(K)LGNNV DFR(I) 
(R)IESLP IKPR(G) 
(K)HWSIW QIQDS SGK(E) 
(R)IGQDD LPGFD LISQF QIDK(A) 
35 (R)HLYPN GLPEE YSFLT TFR(M) 
(K)IMIGV ER(S) 
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(R)SSATLFVDCNR(I). 

Preferably, the connective tissue derived polypeptide in paragraphs (a)-(i) supra 
comprises an amino acid sequence having substantial identity to the sequence of Type 
IX collagen alpha 1 chain NC4 domain as depicted in Figure 6 or a homologue or 
derivative thereof. 
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3. Polypeptides 

The present inventors have substantially purified and established the identity of 
the * IX collagen alpha 1 chain polypeptide which is produced during the autolytic 
IU processing of bovine cartilage matrix. 

Also incorporated herein are amino sequences for collagen type IX alpha 1 NC4 
domain derived from human, chick and rat connective tissue. Amino acid sequence 
compansons of the bovine-chick NC4 domain polypeptides (see Figure 9), and bovine, 
human NC4 domain polypeptides (see Figure 10) show sequence overlap 

By "substantially purified polypeptide" we mean a polypeptide that has been at 
least partially separated from the lipids, nucleic acids, other polypeptides, and other 
contaminating molecules with which it is associated in its native state. Preferably the 
substantially purified polypeptide is at least 60% free, preferably at least 75% free 'and 
most preferably at least 90% free from other components with which they are naturally 
associated. Furthermore, the term "polypeptide" is used interchangeably herein with 
the term "protein". . 

tv J h t n l ident " y ° f " PO " W ' illc is d ««™i"«J by GAP (Needleman and 
Wunsch, 1970) analysis (GCG program) with a gap creation penalry=5, and a gap 
extenston P e™lty-0.3. Unless stated otherwise, the ,uery sequence is at least 15 am!no 
ac.ds ,„ length, and the GAP analysis aligns ,he two sequences over a region of at leas, 

iTTtr^r Prefe^ably • *" W SeqUOTCe iS 31 least 50 —» acids in 
lengrh, and the GAP analysis aligns the two sequences over a region of at least 50 

ammo actds. Even more preferably, the query sequence is at leas. 100 amino acids in 

30 x:l anaiysis aiigns *• «"° se ~ ~ * »*» * « — 

With regard to the defined polypeptides/enzymes, it will be appreciated that % 
■dent.* figures higher than those provided above will encompass preferred 
embodtment, Thus, where applicable, in light of the minimum % identity fig L, i, is 
preferred that the polypeptide comprises an amino acid sequence which is at leas, 60% 
35 more preferably a, least 65%, more preferably a, leas. 70%, more preferably at least 
75/., more preferably a, leas, 76%, more preferably at least 80%, more preferably a, 
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at leas. 92%, more preferably al least 93%, more preferably at least 94% more 
pieferab.y a, .eaa, 95%, more preferaWy „ ^ 96% _ _ ^ ^ ~ 

5 » " f r 98% - more preferawy *• ieast " % ' — - 

!t It 99 4V y "• 2%> m0re « P-f-ab,y 

a. leas, .99.4%, more preferably a, leas, 99.5%, more p re f«ably a, leas, 99 6% more 

preferably at least 99.7%, more preferably at least 99 8V ,„a , 
,.„,„(.„.. .. , Ficiraapiy ai least 99.8%, and even more preferably at 

least 99.9% identical to the relevant nominated SEQ ID NO 

As used herein, the tern, "biologically active (ragmen." refers to a portion of the 
) defined po.ypep.ide which still maintains anti-arthritic or ami-inflammatory activt 
whichever ,s re.evan., Such biologically active ^ 

feZ! 1,16 M1 ,ength protein ' md ,esan « ■» -«» 

Amino acid sequence mutants/variants of the polypeptides/enzymes defined 
herein can be prepared by introducing appropriate nuc.eo.ide changesH a nuclei 
ac, encoding me polypeptide, or by in synthesis of the desired polypeptide Such 
mutants mdude, for example, de.etions, insertions or substitntions of Z C w^n 

1™: itt , A combination ° f deie,ion - - S ~ °» « 

the nam^f !f" g ^ **' Se " UenCe """^ "» ,OCatio " of *• ™<*«°» site and 
me nature of Are mutimon will depend on charac,eri s tic(s) to be modified. The sites for 

~ can be modified individually or in series, e.g„ by (,) subs«hi«inTfi« 

conservative annuo acid choices and dten with more radical selections depending u^ 

^tz^i^ fte — — °< » — i- 

Amino acid sequence deletions generally range from about 1 to 30 residues 
more preferaWy about , to ,0 residues and typicafly about , to 5 contiguous re^T 

Substitution mutants have at leas, one amino acid residue in toe po.ypeptide 
macule removed and a differ residue inserted in it s p,acc. The sites of^ 
ntorcs, for substitoriona! mutogenesis include sites identified as toe active or Ldi™ 
^(s,. Otoer si.es of intoces, are toose in which particular residues obtoi n^lm 

ac.w.ry These sues, eapecially those fafling within a sequence of a, leas, three oflrer 
idenhcal.y conserved si,es, a re preferab.y subatitutod in a relative* conservative 
manner. Such conservative substitutions are shown in Table 1 . 
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Furthermore, if desired, unnatural amino acids or chemical amino acid 
analogues can be introduced as a substitution or addition into the polypeptides of the 
present mvention. Such amino acids include, but are not limited to, the D-isomers of 
the common amino acids, 2,4-diaminobutyric acid, a-amino isobutyric acid 4- 
5 ammobutyric acid, 2-aminobutyric acid, 6-amino hexanoic acid, 2-amino isobutyric 
add, 3-amino propionic acid, ornithine, norleucine, norvaline, hydroxyproline 
sarcosme, citrulline, homocitrulline, cysteic acid, t-butylglycine, t-butylalanine 
phenylglycme, cyclohexylalanine, P -alanine, fluoro-amino acids, designer amino acids 
such as p-methyl amino acids, Ca-methyl amino acids, Nex-methyl amino acids, and 
iu ammo acid analogues in general. 

TABLE 1. Exemplary substitutions. 



Original 


Exemplary 


Residue 


Substitutions 


Ala (A) 


val; leu; ile; ely 


Arg(R) 


lys 


Asn (N) 


gin; his 


Asp (D) 


glu 


Cys (C) 


ser 


Gln(Q) 


asn; his 


Glu (E) 


asp 


_ Gly (G) 


pro, ala 


His (H) 


asn; gin 


He (I) 


leu; val; ala 


Leu (L) 


ile; val; met; ala; phe 


Lys (K) 


_arg_ 


Met (M) 


leu; phe 


Phe (F) 


leu; val; ala 


Pro (P) 


gly 


Ser(S) | 


thr 


Thr(T) 


ser 


Trp(W) 


tyr 


Tyr(Y) 


trp; phe 
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Val (V) | ile; leu: met; phe. ala 

Also included within the scope of the invention are polypeptides of the present 
invention which are differentially modified during or after synthesis, eg by 
biotinylation, benzylation, glycosylate, acetylation, phosphorylation, amidation 
5 derivation by known protecting/blocking groups, proteolytic cleavage, linkage to an 
antibody molecule or other cellular ligand, etc. These modifications may serve to 
increase the stability and/or bioactivity of the polypeptide of the invention. 

Polypeptides of the present invention can be produced in a variety of ways 
including production and recovery of natural proteins, production and recovery of 

10 recombinant proteins, and chemical synthesis of the proteins. In one embodiment an 
isolated polypeptide of the present invention is produced by culturing a cell capable of 
expressing the polypeptide under conditions effective to produce the polypeptide and 
recovenng the polypeptide. A preferred cell to culture is a recombinant cell of the 
present invention. Effective culture conditions include, but are not limited to, effective 

15 media, bioreactor, temperature, pH and oxygen conditions that permit protein 
production. An effective medium refers to any medium in which a cell is cultured to 
produce a polypeptide of the present invention. Such medium typically comprises an 
aqueous medium having assimilable carbon, nitrogen and phosphate sources, and 
appropriate salts, minerals, metals and other nutrients, such as vitamins. Cells of the 

20 present invention can be cultured in conventional fermentation bioreactors, shake 
flasks, test tubes, microtiter dishes, and petri plates. Culturing can be carried out at a 
temperature, pH and oxygen content appropriate for a recombinant cell. Such culturing 
conditions are within the expertise of one of ordinary skill in the art. 

25 4. Preparation and administration of pharmaceutical compositions 

Compositions of the invention may be prepared from one or more polypeptide 
Additional polypeptide fragments or peptides can be identified by routine 
expenmentation in light of the present specification, claims and figures. A method for 

30 ^399342^ ****** ^ * fc * 

The pharmaceutical compositions may be for human or animal usage in human 
and veterinary medicine and will typically comprise any one or more of a 
pharmaceutical* acceptable diluent, carrier or excipient. Acceptable carriers or 
diluents for therapeutic use are well known in the pharmaceutical art, and are described 

35 for example in Remington's Pharmaceutical Sciences Mack Publishing Co (AR 
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Gennaro edit. 1985). The choice of pharmaceutical carrier excipient or diluent can be 
selected with regard to the intended route of administration and standard 
pharmaceutical practice. The pharmaceutical compositions may comprise as or in 
addition to, the carrier, excipient or diluent, any suitable binder, lubricant, suspending 
5 agent, coating agent, or solubilizing agent. 

It is well known in the art that there may be different composition/ formulation 
requirements dependant on the different delivery systems. 

According to the present invention non-invasive formulations are particularly 
preferred. Where appropriate, the pharmaceutical compositions can be administered by 
10 inhalation, orally or intranasal^, in the form of suppository or pessary, topically in the 
form of a lotion, solution, cream, ointment, or dusting powder, by use of a skin patch 
orally m the form of tablets containing excipients such as starch or lactose or in 
capsules, chewables or ovules either alone or in admixture with excipients, or in the 
form of elixirs, solutions, syrups or suspensions containing flavouring or colouring 
15 agents. " 6 

For buccal or sublingual administrations, the compositions may be administered 
for example in the form of tablets or lozenges which can be formulated in a 
conventional manner. 

Oral formulations include such normally employed excipients as, for example 
20 pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium 
saccharine, cellulose, magnesium carbonate, and the like. These compositions take the 
form of solutions, suspensions, tablets, pills, capsules, sustained release formulations or 
powders and contain 10% to 95% of active ingredient, preferably 25% to 70% 

Capsules, tablets and pills for oral administration to a patient may be provided 
with an enteric coating comprising, for example, Eudragit »S», Eudragit "L", cellulose 
acetate, cellulose acetate phthalate or hydroxypropylmethyl cellulose. 

Intranasal formulations are described and administration of larthrytic collagen 
type II and larthrytic collagen type IX are described for example in Lu et al (1999) 
Different therapeutic and bystander effects by intranasal administration of homologous 
type II and type IX collagens on the collagen-induced arthritis and pristane-induced 
arthritis in rats, Clinical Immunology Vol 90 pp 1 19-127 (1999). 

In another example, the pharmaceutical composition of the present invention 
may be formulated to be delivered using a mini-pump or by a mucosal route for 
example, as a nasal spray or aerosol for inhalation or ingestible solution. 

Where the agent is to be delivered mucosally through the gastro-intestinal 
mucosa, it should be able to remain stable during transit through the gastro-intestinal 
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tract; for example, it should be resistant to proteolytic degradation, stable antacid, pH 
and resistant to the detergent effects of bile. 

Preferably, the compositions of the invention are administered by a non-invasive 
route. Preferably, the non-invasive route comprises oral administration, or enteral 
5 administration, nasal administration or by inhilation. 

In an alternate embodiment, compositions of the invention can be injected 
parenteral^ for example, intravenously, intramuscularly or subcutaneously 

For parenteral administration, the compositions may be best used in the form of 
a sterile aqueous solution which may contain other substances, for example enough 
10 salts or monosaccharides to make the solution isotonic with blood. The preparation 
may also be emulsified, or encapsulated in liposomes. 

After formulation, the immuno-protective composition may be incorporated into 
a sterile container which is then sealed and stored at a low temperature, for example 
4 C, or it may be freeze-dried. Lyophilisation permits long-term storage in a stabilised 
15 form. 

5. Treatment and protection of an individual 

The effects observed for the polypeptides on inflammation and collagen induced 
arthritis in rats also provide application for the polypeptides, and mixtures thereof, in 
20 the treatment, and protection of an individual to arthritis and other degenerative 
diseases. Further the effects observed provide application of the polypeptides in the 
tolensation of an individual to the antigenic effects of cartilage components. Further 
the findmg provide application to methods of restoration of connective tissues' 
particularly in inflammatory and degenerative tissue diseases such as rheumatoid' 
arthritis and osteoarthritis. 

Polypeptides according to the invention that have been shown to have anti- 
inflammatory and/or anti-arthritic activity can be further tested for safety and efficacy 
m other animal models, and then proceed to clinical trials in humans, if desired 
Naturally, for veterinary applications, no clinical trial in humans is required. Those 

30 polypeptides that are safe and efficacious in animals or humans can be administered to 
an appropriate subject to treat a connective tissue disease, or alternatively to protect 
against connective tissue disease by the process of tolerisation. 

Rodent models of connective tissue disease are well known. For example rat 
models for collagen induced arthritis and pristane induced arthritis rats are described in 

35 Lu et al (1999) {supra). Murine collagen induced models of arthritis are also described 
in Myers et al (2002) {supra). 
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Methods and pharmaceutical formulations for the treatment of autoimmune 
arthritis and animal models in mammals, including humans, by the oral, enteral or by- 
inhalation administration of whole collagen type II protein or biologically active 
peptide fragments of collagen type II are described in US 5,399347 (Trentham et al) 
5 Further, methods and formulations for evaluating the efficacy of oral type II collagen in 
the treatment of juvenile rheumatoid arthritis (JRA) are described in Bamett et al 
(1996) (supra). 

Intranasal formulations are described and administration of larthrytic collagen 
type II and larthrytic collagen type IX are described in Lu et al (1999) (supra) 

10 The present invention provides methods of treatment of arthritis' or other 

degenerative disease in animals, preferably mammals and more preferably humans 

"Treatment and protection" includes both prophylactic and therapeutic measures 
to prevent the onset and appearance of a connective tissue disease as well as to prevent 
the onset and appearance of an abnormal immune response against the body's own 

15 tissues involved in autoimmune disease. The term also encompasses the suppression or 
mitigation of the abnormal (cell and/or humoral) immune response to the body's own 
collagen or more generally cartilage as well as the alleviation or elimination of clinical 
symptoms after the onset (ie. clinical manifestation) of autoimmune disease. 

"Autoimmune disease" is defined as a malfunction of the immune system of 

20 mammals, in which the immune system fails to distinguish between foreign substances 
within the mammal and/or autologous tissues or substances and, as a result treats 
autologous tissues and substances as if they were foreign and mounts an immune 
response against them. 

25 Tolerance 

The present invention provides methods for inducing tolerance in an individual 
to at least one antigenic component of cartilage. 

As used herein "tolerance" refers to the active state of specific immunologic 
nonresponsiveness induced by prior exposure to an antigen. Experimentally induced 

30 tolerance may be defined as a state in which an animal will fail to respond to an antigen 
that will normally be immunogenic. Immunologic tolerance does not simply reflect the 
absence of an immune response, but rather an active response of the immune system 
that exhibits antigenic specificity and memory - the hallmarks of any immune response 
In experimentally induced tolerance a foreign antigen is administered under certain 

35 conditions that promotes a state of tolerance rather than immune activation. Antigen 
structure, dosage and route of administration each partly determine whether the 
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response of the immune system will lead to immunity or tolerance. Experimental 
evidence demonstrating the role of these factors is provided in J. Kuby in Immunology, 
2nd ed, WH Freeman and Company, 1 994, Chapter 16. 

As used herein the terms "immunotherapy" and "tolerance therapy" refer to any 

> genera, method resulting in tolerance or immunological prophylaxis. In vivo, these 
therap.es typ.cally entail a series of parenteral or oral administrations of the 
— gemc material over an extended period of time. In one embodiment, "tolerance 
therapy refers to a method for the down-regulation of an immune response, eg to 
suppress an inflammatory response to an auto-antigen. 

> Oral administration of antigens is an effective method of inducing peripheral T- 
cell tolerance. This phenomenon, often referred to as oral tolerance, has been well 
studxed m various models of autoimmune diseases in animals including 
encephalomyehtis, uveitis, diabetes, myasthenia gravis, and arthritis. The mechanisms 
for mducmg tolerance, however, are not completely understood. All of the known 
mechamsms for tolerance induction, including clonal anergy, clonal deletion, and 
regulation by IL-4, IL-10, or TGF-beta-mediated active suppression may have a role in 
oral townee. Generally, higher doses of antigen are reported to induce anergy or 
clonal delenon whereas low doses induce cytokine regulation and active suppression 

Actwe suppression describes the regulation of one lymphocyte subset by 
another in an antigen-specific manner. Depending on the antigen and disease state the 

ZZTl^T ^ CD4+ md/ ° T ° D8+ T -^ hoc ^ ^ich migrate from 
penpheral lympho.d issues, such as spleen and peripheral lymph nodes, to sites of 
disease actmty. Adoptive transfer of these cells to naive recipients has confirmed the 
role of these cells in active suppression in rodent models of ovalbumin-induced 
hypersensuxvuy, and multiple sclerosis. /„ vitro evidence of active suppression is 
demonstrated by data showing that tolerized lymphocytes from animals can suppress 
prohferanon of other antigen-specific T-lymphocytes across a transwell cell culture 
system (Fana and Weiner, "Oral tolerance: mechanisms and therapeutic applications," 
Adv. Immunol., 73:153-264, 1999). 

Clonal anergy refers to unresponsiveness of antigen-specific T-lymphocytes 
whxch is characterized by diminished proliferation after exposure to an antigen, and is' 
involved xn oral tolerance in several animal models. Anergy could be the result of 
products of soluble suppressive factors by CD4+ or CD8+ T-lymphocytes 
themselves, other T-lymphocytes or cells in the local environment, or as result of 
decreased expression of appropriate costimulatory molecules. Clonal deletion refers to 
the ehminahon of antigen-specific T-lymphocytes, but has been reported rarely as a 
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mechanism of oral tolerance to an antigen (Chen, Inobe, Marks, Gonnella, Kuchroo 
Werner, "Peripheral deletion of antigen-reactive T cells in oral tolerance," Nature' 
376:177-180, 1995). 

The soluble mediators that suppress the immune response during oral tolerance 
are derived mainly from regulatory or suppressor T-lymphocytes (Faria and Weiner 
1999, supra). There are four types of T-lymphocytes described by the cytokines they 
produce: Thl-type that produce interleukin-2 (IL-2) and gamma interferon (y FN)- 
Th2-type that produce IL-4 and IL-10; Th3-type that produce high levels or 
transforming growth factor beta (TGF-0), alone, or in conjunction with very low levels 
of IL-4, IL-10, or y.IFN; and Trl cells that produce high levels of IL-10 in conjunction 
with low levels of TGF- P . Since Th3, Th2, and Trl -T-lymphocytes have been shown 
to be the major mediators of active suppression induced by oral tolerance, then TGF-P 
IL-4 and IL-10 are believed to be key cytokines in this process Further reports showing 
that oral tolerance induction occurred in the absence of these cytokines suggests that 
1 5 other mediators or cells could suppress the immune response. 

Studies of tolerance have focused primarily on the effect of the tolerizing 
antigen on T-lymphocyte function, and the role of T-lymphocytes in suppressing 
unmune activation. However, immune responses to any antigen require interactions 
between APCs and T-lymphocytes, and the T-lymphocyte may affect APC function 
Therefore, down-regulated antigen presentation by APCs from tolerized hosts could 
also contribute to tolerance induction either indirectly as a result of interactions with 
suppressor T-lymphocytes, or possibly as a result of direct effects of the tolerizing 
antigen on the APC. 

As used herein "degenerative disease", "degenerative condition" or 
"degenerative disorder" are used interchangeably to refer to conditions that are 
characterised by a breakdown of a biological tissue, more particularly a connective 
tissue. Connective tissue refers to those animal tissue that supports organs, fills spaces 
between them, or performs mechanical functions such as connecting muscles to bone 
(tendons and ligaments) or providing low friction weighing surface as in articular 
cartilage. Connective tissues are characterized by their relatively avascular matrices 
and low cell densities. The most abundant connective tissues are the reticular stroma, 
muscle, adipose tissue, cartilage and bone. 

The term "tissue" as used herein refers to matrices which contain similarly 
specialised cells that perform a common function. As used herein, tissue is intended to 
include an organ composed of a given tissue, and to the cells individually or 
collectively that compose the tissue. 
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As used herein "autoimmune disease" refers to a disease characterised by a 
humoral (eg., antibody-mediated), cellular (eg., cytotoxic T-lymphocyte-mediated), or 
a combmahon of both types of immune responses to epitopes on self-antigens The 
immune system of the affected individual activates inflammatory cascades aimed at 
cells and tissues presenting those specific-self antigens. The destruction of the antigen 
tissue, cell type or organ attacked gives rise to further symptoms of the disease. In a" 
preferred embodiment of the invention the disease is selected from the group consisting 
of rheumatoid arthritis, osteoarthritis, disc degeneration and osteoporosis 

The terms self-antigens or auto-antigens are used interchangeably to refer to an 
antigen that is endogenous to an individual's physiology, that is recognised by either the 
cellular component (eg T-cell or B-cell receptors) or humeral component (antibodies) 
ot that individual's system. 
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MODES FOR CARRYTNr. m T T THF. TNVFNTTTriM 
1. Experimental Protocols 

Bovine, ovine, cervine or porcine tracheal cartilage or nasal cartilage, chicken 
sternal cartage, or skeletal shark cartilage or deer antler cartilage were freed of 

, ooHfc'f tiSSU6S meChaniCaUy ° r as describe * Piously US Patent 5,399,347 Mar 
1995, US Patent 5,364,845 Dec 1996, US Patent 6,025,327 Feb 2000). These cleaned 
hyaline cartilages were rinsed with water, minced into 1 mm or 3 mm sizes, freeze 
dried and stored at -20 °C. Bovine tracheal chondroitin sulfate A (ChSA) was 
purchased from Sigma Chemical Co, USA or was obtained as a gift from Bioiberica 
Barcelona, Spain (batch 1/0015, batch 05/2001, batch 18/11/99). All other chemicals 
were of analytical grade and were purchased from local suppliers. 



peptides 



Release of Gly ms amino^can Pepti de (G A G-ventidr.) r om nle XP , W 
from the Cartila ge Powder* " ~~~ 

the oJr"* "V" ki " MiCS ° f ^ ° f 0AG -™* i *°° an" Polypeptides from 
fte carnkge powders were performed using different buffers (eg sodium or ealeium 
acetate or ddute acetic acid) to give various products referred to herein as »Pep,acan(s)» 
and was undertaken under a varie* of conditions. Tte object of these experiment 
was to de.erm.ne the effects of (i) partide size - 3mm,5mm, (ii) different P Hs eg pH 
range 3.5-7.0, (,ii) different temperatures, 4°C, 25°C and 37°C, and (iv) animal species 
and tissue locations on the rate of autolysis and product release into the aqueous phase 
Al the expenments were performed, with stirring and release of snlphated GAGs and 
polypeptides monitored over 24 hours. In the initial studies undertaken, the primary 
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observation was that subjecting particles of cartilages to autolysis in aqueous buffers 
maintained within the pH range of 4.0-7.0, particularly 4.5, preferably at 37°C for 
periods up to 24 hours specifically released more than 80% of the total sulfated 
glycosaminoglycans (S-GAG) into solution. Studies also showed that the rate of 
5 release was dependent on the cartilage particle size, the smaller preparations 
undergoing more rapid release. However, by 24 hours the yields obtained were the 
same. The pH and temperature were found to be important determinants of the rate of 
release which indicated that the release process was mediated by endogenous enzymes 
present within the solid tissues. This proposed mechanism was confirmed by 
10 undertaking autolysis experiments in the absence and presence of specific enzyme 
inhibitors. Since it was found that the addition of N-ethylmaleimide produced the most 
significant inhibition of GAG-peptide. and polypeptides release into the aqueous 
medium we consider that the cysteine class of proteinases, such as the Cathepsins, were 
the major, but not exclusive, contributors to the autolytic process. 
15 The aqueous phase was separated from the cartilage powders by filtration and 

the filtrate centrifuged to remove fine particles and then neutralised to pH 7 0 by 
addition of an alkaline solution containing the desired cation. These Peptacan solutions 
after chemical analysis were either freeze dried and used directly for pharmacological 
studies. The freeze dried Peptacans were used as stock material for the preparation of 
20 dialysed and fractionated preparations as described below. 

Alternatively the Peptacans could be isolated from the aqueous solutions 
obtained from the cartilage digests by precipitation with excess quantities of acetone 
ethanol or methanol, usually by adding 3-5X the volume of the aqueous extracts The 
precipitates so obtained would be washed with absolute ethanol and dried under 
25 vacuum then stored in a vacuum desiccator. 

The process of the present invention is essentially non-disruptive leaving the 
type II collagen matrix and cells of the tissue intact, and the absence of DNA in the 
autolysis media. The efficiency of the autolytic process was also influenced by the 
animal species and anatomical location from where the cartilage was derived as well as 
30 the nature of the buffers used. 

For the further experiments, described herein, the results were obtained 
following subjecting bovine tracheal cartilage to autolysis with calcium acetate buffer 
For the purpose of convenience, the product obtained by this process is referred to 
herein as Calcium Peptacan (CaP). 
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Separation of Glycpsaminoelycan Peptide, (GA G-ventides) frojn oolvoentides in 
Peptacan preparations by lon-exchanre. solid phase media h 
Figure 2) ~ 

Freeze-dried Peptacans was dissolved in 0.1M calcium chloride buffered with 
5 Tns-HCl to a P H of 7.2 (application buffer) to afford sample concentrations of 4 0 
mg/ml. To these solutions was added pre-swollen DEAE-Sepharose-6B to achieve a 
final concentration of the ion exchanger of 1 OOmg/mL. This mixture was maintained at 
room temperature with gentle agitation for 16 hours in 5mL stoppered centrifuge tubes 
The tubes were then centrifuged at lOOOrpm for 5 mins and the supernatant decanted 
10 off. To the remaining pellet was added ImL of the application buffer and the tubes 
gently shaken, centrifuged again and the application buffer washings added to the 
ongmal supernatant. The supernatant and washings contains the proteins and 
polypeptides in the Peptacan preparations. 

15 Fractionation of the Pe ptar gn proteins and poly peptide* 

The supernatant and washings from the ion exchange process were subjected to 
diafiltration using a lOOODa cut-off ultrafiltration membrane (eg, YC10) or a tangental 
flow ultrafiltration (TFF) cartridge of similar cut-off (Millipore Australia Pry Ltd 
Sydney, Australia), to remove the inorganic ions. The diafiltrated de-salted 

20 polypeptide solution was then freeze-dried and stored at -20°C. Subjecting aqueous 
solutions of these polypeptides to further fractionation using TFF membranes of 
different molecular weight cut-offs afforded polypeptides of predetermined molecular 
size. For example using a PLTC regenerated cellulose membrane with an exclusion size 
of 30,000 (Millipore Australia Pty Ltd, Sydney, Australia) afforded a mixture of 

25 polypeptides in the retentate with molecular weights greater than 30,0OODa These 
proteins and polypeptides were freeze dried and assigned the code of INR-307 for 
subsequent experiments. The dialysate from the first TFF contained polypeptides with 
molecular weights less than 30,000Da but greater than l,O0ODa. This fraction was 
designated the code INR-126 for subsequent experiments. In addition the dialysate 

30 from the 30,000Da TFF step was also subject to TFF using a polyethersulfone spiral 
cartridge (Millipore Australia Pty Ltd, Sydney, Australia) with an exclusion size of 
10,000 Da which provided a retentate containing polypeptides with molecular weights 
> 10,000 Da. These polypeptides were assigned the code INR-195 for subsequent 
experiments. The efficiency of the separations of these polypeptides into the molecular 

35 ranges cited was confirmed by SDS-P AGE using proteins of known molecular weight 
as standards such as those shown in Figures 3 and 4. 
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Further fractionation of the polypeptide solutions can be achieved using any one 
or combmatxon of techniques such as, for example, gel filtration, ultrafiltration, SDS 
PAGE electrophoresis, 2D gel electrophoresis, and reverse phase HPLC using 
established methods (see for example.Eyre D, et al. Collagen type IX: evidence for 
5 covalent linkages to type II collagen in cartilage. FEB 220:337-341,1987). 

Detailed preparation oflNR-Wi 

In this procedure the supernatant and washings containing the polypeptide 
components obtained from ion exchange separation of calcium peptacan using DEAE- 

pt^ ^ t0 3 r6SerVi0r COnneCted Via a P eristaltic W to a lOkD 

PLAC (PL series Cellulose or polysulfone 0.93 square metre spiral cartridge (Millipore 
Australia Pty Ltd). The peptide containing solution is then subjected to tangental flow 
filtration for 6 hours by addition of purified water to the reservior to dialysis off the 
small inorganic ions used for ion exchange procedure as well as peptides with 
15 molecular weights below the cut-off of the membrane. The retentiate was then 
concentrated by diafiltration in the same apparatus, collected and water removed by 

Z T 8 " f SUCh " Pr ° CedUre ±Q Pr ° dUCt ° btained by method ™ designated 
as INR-195 and was used for the rat CIA experiments described herein. 

20 2. BIOLOGICAL A rTTl/TTv 

Determination of collagen or collagen p^tide content in prorations 6v — r fa 
hydroxv prolinp 

The collagen content of polypeptides separated by ion exchange was estimated 
by measunng the concentration of the amino acid hydroxyzine which is unique to 
25 thtsprotetn. Each freeze dried sample was directly dissolved in H 2 0 00 mgj) and 
hydrolysed m 5 N „c, a. M0 *C for 24 h. The hydrolysed samp.e solln was 
neutralrced to pH 7 before di.ution and analysis. The hydroxyproline concentration in 

Tjt'Tr de,em,ined US " ,g meamA ° tS, ^ m »■ St »<«* legman H 
and Stalder K. Determination of Hydroxyproline. Clin. Chim. Acta 18:267-273 1967) 
30 by usmg a L-hydroxyproline standard and measuring the absorbance at 562 nm after 
the addmon of chloramine T and p-dimemylaminobenzaldehyde to develop the 
chromophore. The hydroxyproline concentration was multiplied by 7.4 to give an 
estimate of the collagen content. 
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oarations content bv the Ficinchoninin AM 



Determination nf p rntP i„ ^ 
(BCA) assay 

The total protein content of polypeptide samples was determined using BCA 
assay (Smith PK, Krohn RI, Hermanson GT, Mallia AK, Gartner FH, Provenzano MD, 
5 Fujimoto EK, Goeke NM, Olson BJ and Klenk DC. Anal. Biochem. 150, 76-85 1985) 
Freeze dried polypeptide samples were directly dissolved in H 2 0 to provide a 2 0 
mg/ml solution and 20 ul of each sample solution was added to a well of 96-well 
plates. Just pnor to assay, 50 parts of reagent 1 (0.4% NaOH; 1.7% Na 2 C0 3 ; 0.9 5 o/ o 

10 cl^' b ' Cin t 0niniC add: ° 16% tartrate) was mixed with reagent 2 (4% 
10 CuS0 4 .5H 2 0). Two hundred micro litres of this working reagent was added to the 
sample solution. After incubation at 37°C for 60 min the absorbance A S62 was read 
using a Thermomax microplate reader. Bovine serum albumin (BSA) or highly 
purified gelatine (Gibco) at 0-10 ug/well were used to construct a standard curve. 

15 ^ sis f P^ P ^des separate* by ion exchan*, »„w SDS = Pol X acryla M de Gel 
Electrophoresis fSDS-PJaj?) ~ — ^ 

Freeze dried polypeptide samples were dissolved in H 2 0 and then mixed M 
with 2x sample loading buffer (0.07 M TrisHCl, 1.5% SDS, 20% glycerol 0 2M DTT 
and 0.1% BPB) to achieve the final concentrations of 4.0 - 20 mg/ml. The samples 

20 were boded m a water bath for 5 mi, 20 u, of above samples were loaded into the 
wells of 8 - 16 % pre-cast Tris-glycine gel (Norvex). SeeBlue pre-stained low 
molecular weight range protein markers (Norvex) were loaded into wells on the left- 
hand side of the gel and electrophoresis was performed at 125 V for 2 h The gel was 
stained in Coomassie blue R250 solution (40% ethanol, 10% acetic acid and 0.2% 

25 Coomassie R250) for 30 min and destained in a solution containing 10% ethanol and 
7.5 /o acetic acid for 1 6 h. The gel was dried in a Bio-Rad Gelair drier. 

SDS-PAGE of the polypeptides separated from the GAG-peptides by the ion 
exchange procedure showed the presence of a number of bands the most abundant of 
which had molecular weights of 36kDaltons or less (Figure 2) 

30 

^^ £gte 5 ^ * *» change usj nz m =DM SSS ional g^W 

Freeze dried polypeptide samples (6.5mg) were dissolved in H 2 0 and sonicated 
Samples were then centrifuged at 20,000g for 10 minutes then were loaded via in-gel 
35 rehydration methods for Isoelectric Focusing (IFF) using 1 1 cm gradient strips over a 
P H of 3-10. First Dimension focusing was at 35,000Vh. The second dimension used 
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separating gradient 8-l 8 o/oT criterion format polyacrylamide slab gels. This second 
dimension electrophoresis was run at 1 hour @ 5mA/gel and 4 hours @ ISmA/gel 
Gels were stained using SYPRO Ruby fluorescent stain then scanned to produce a 
digital image. 

5 Two dimensional electrophoresis of the polypeptides separated from the GAG- 

pepudes by the ion exchange procedure revealed the presence of at least 21 
polypeptides (Figure 4). 

in di * e * ti0n r7w/ MatHx ^ted laser desog rtion <onisatinn (MALDI) 

10 spectrometry ' x — 

Following two-dimensional gradient SDS-PAGE of samples they were 
subjected to an in gel 16 honr tryptic digest a. 37°C. The resulting peptides were 
extracted from the gel with a 10% (v/v) acetonitrile, 1% (v/v) TFA solution The 
samples were men cleaned up and concentrated using ZipTip. A luL aliquot of each 

7 ?° T, 3 SamP ' e P ' ate ° {matti * (^o-4-hydroxycinnamic acid, 

8mg/mL m 70% v/v AcN, !% v/v TFA) and allowed to air dry. Matrix abated 
desorption tomsation (MALDI) mass spectrometry waa men performed with a 
Mtcromass Maid, Tim. of Flight Mass Spectrometer. A nitrogen !aaer (337 m) was 
used to trradtat. the samp.e. The spectra were acquired in reflection mode in the mass 
20 range 750 to 3500 Da. A near point calibration was applied. 

The peptide masses of the monoisotopic peak of the peptides from this analysis 
were searched against Bovine using ProteinLynx on MassLynx and Mammalia data 
bases using Peptldent on Expasy. 

25 Rat collagen induced arthritis ( CIA) 

Two protocols, which are summarized in Figure 11, were used to evaluate the 
anti-arthntic activities of the polypeptides isolated in this invention. The toleragenic 
protocol required that the polypeptides dissolved in water were given orally each day to 

30 wimto T ^ (16 °T gD) 7 ^ before indUdng b * * e "ion 

30 witt 250 ug bovine tracheal type II collagen, given as 6 divided injections into their 

tailbase. In the therapeutic/prophylactic protocol the polypeptides were administered 
the^after ^ " ^ ^ " and 

The following signs of arthritis were assessed from Day 11 onwards but 
35 recorded for each experimental group on days 15 and 18 (see Figures 12 and 13). 
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Rear paw swelling, fore paw swelling (measured as the change in mm relative to non- 
arthntic controls) and an overall arthritis score (scored 0-4+) determined on the basis of 
overall inflammation and other signs of disease e.g. piloerection, diminished mobility, 
poor grooming etc were determined as described previously (Lu S et al, Different 
therapeutic and bystander effects by intranasal administration of homologous type II 
and type IX collagens on the collagen- induced arthritis and Pristane-induced arthritis 
in rats. Clin Immunol. 90:1 19-127, 1999). 

Preparations of stained histolo gical sections of rat joint* 

Following sacrifice of the experimental animals rear and front paw joints were 
removed surgically and immediately placed in neutral buffered formaldehyde and 
processed for preparation of H and E and toluidine blue stained histological sections as 
described previously (Smith MM, Numata Y and Ghosh P, Effects of calcium 
pentosan polysulfate on joint inflammation and pouch fluid levels of leukocytes 
15 nitric oxide and interleukm-6 in a rat model of arthritis. Current Therapeutic 
Research, 60: 561-576, 1999). 

3. DISCUSSTON 

Positive identification of 17 of the polypeptides took account of the percentage 
20 of sequence coverage, how well the masses matched the significant peaks in the MS 
spectra, the number of missed cleavages (if missed cleavages were present their 
location m the sequence was critical) and how well the MW and pi of the identified 
protein match. These sequences and their % match with known proteins are shown in 
Figure 5. 

25 The most abundant polypeptide fragments present in those isolated from CaP by 

the ion exchange method were derived from the NC4 domain of the type IX collagen a 
1 chain [Molecular weight: 27,139Da, (Vasios G, Nishimura I, Konomi H, van der Rest 
M Cartilage Type IX collagen-proteoglycan contains a large amino-terminal globular 
domain encoded by multiple exons. J Biol Chem 263: 2324-2329 1988)] This is 

30 evident by combining the sequences obtained from the trypsin generated products 
shown in Figure 5 for: Polypeptide 10, Polypeptide 13, Polypeptide 14, Polypeptide 15 
Polypeptide 16, Polypeptide 17, Polypeptide 18, Polypeptide 20 and Polypeptide 21 
and super-imposing them on part of the bovine NC4 domain of the al(IX) chain as 
shown in Figure 8. This conclusion is also supported by comparison of the observed 

35 peptide sequences with the published NC4 domain of the al(IX) chain from chick 
sterna (Vasios G, Nishimura I, Konomi H, van der Rest M, Cartilage Type DC collagen- 
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proteoglycan contains a large amino-terminal globular domain encoded by multiple 
exons. J Bio Chem 2«3- 2324-?r;o .oast „-.j „i. • — v 
««: m »,^ , , 2329,1988) and shown in Figure 9. Furthermore the 

estimated molecular weights and isoelecoic points of Polypeptide 13, Polypeptide 14 
Polypeptide 15, Polypeptide ,6, Polypeptide ,7, and Polypeptide ,8 show^figj 6 
are e_, with their origin as the NC4 domain of me alfrX) ehain whiehtas a 
molecular weight of about 27,0ODa and isoelectric point of 9.7. 

IV ,1*™* *! " "°"- coUa « CTOUS d <™>™ (NCI, 2, 3and 4, Figure 1) along the type 
DC collagen a 1 chain are known to be the most susceptible regions to proteose 
cleavage by a wide range of proteinases, the NC4 domain is the most venerable of ml 
regions because of its physical extension beyond me COL3 domain and me res, of the 

icontr TT T hCT Wi,h 0,her 2 a ' pha chains lies on «- °f »9> 

LZ \ ? reSUlK ° btained PreV ' 0USly a ' S0 tadicate "»> ^genius 

ca.hepsm fam.ly of proteinases were .argely response for the re.ease of matrix 

Z T^rr* """" C ° n<liti0nS *~*« Significantly, 

am Ae NC4 domam of type IX collagen alpha 1 ehain is rich in ArgunnTresiduea 

Emenngton DJ^A comparison of four cathepsins (B,L,N and S) with collagenolyfic 
activity from rabbit spleen, Biochem. J, 2S6: 433-4440 1988) 

Ptotein^COMPW 0 ' a , ! aSn , ent (PO ' yPeP ' ide 2> ° f <*•—*> ™«* 

Ptotem (COMP) (pepudes 2 and 3 ) in the polypeptides from the ion-exchange 
supernatant* 1S ^ supportive of proKolytic rf 

! ' ^ COMP iG C — *— ^ -own to iJZ 

w«h «he non-collagenoua domains (NC1-4) of the type IX collagen alpha I ehain and 
cou d b 6 processed when the NC4 domain is cleaved from the res, of m 

*pe IX collagen alpha-, chain since .heses rwo proteins are steongly associated and 
Play key sfructera, roles in «he assembly of Uie ex«racelhuar maunx of carfilage 1 
already menuoned, me type IX collage, is located on me surface of me type II collagen 
fibrils where ,, serves as cross Unking uni<s befweeo fibrils and i<self. liwas merefo" 
urpnsmg ,o find ma, none of me polyposes isolated co„,ain any pepfife 

seleclive for die NC4 domam of ,he type IX collagen molecule 

7 P , 'T" Sen,m A ' bUmin (Molecular »««h>: 69294) (Polypeptide 

JTTZ 9 - 1 >■ 12) were also fo Jile 

PO ypepnde fracon of CaP (Figure 5). The presence of fragment of mis protein was 
no, unoipeeted m view of «he .arge reservoir available in me blood of .issues adjace^ 
to the tracheal cartilage. «j«*au 
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Neutrophil cytosol factor 1 (Molecular weight: 45346) (Polypeptide 1 and 
Polypeptide 9), Odorant-binding protein (Molecular weight: 18503) (Polypeptide 19) 
have not previously been reported to be present in cartilage and their functions, if any, 
are therefore unknown. Odorant-binding protein has however, been identified in bovine, 
nasal mucosa endothelium which is physically close to the trachea. It is possible that 
this protein is sequestered to the tracheal cartilage and is not in fact a chondrocyte 
biosynthetic product. Since bovine odorant protein is not a cartilage derived antigen it 
would not be expected to be effective in the collagen induced arthritis model used to 
identify ant-arthntic activity in the present application. 

In this respect it was significant that the polypeptides retained by using a TFF 
membrane with a protein cut-off of >30,000Da were in-active in the rat CIA model 
(data not shown). On the other hand those polypeptides obtained in the dialysate with 
molecular weights <30,000Da (INR-126 and INR-195) were active both active as 
tolerants and prophylactic anti-arthritic agents (Figures 12-15). Furthermore, since the 
anti-arthritic activity of INR-126 (MW range 100ODa-3O,000Da) appeared to be only 
slightly more active as a toleragen in the CIA model than INR-195 (MW range 
10,000Da- 30,000Da) it may be deduced that the majority of the ant-arthritic activity 
resides in polypeptides within the MW range of 10,000-30,000Da which corresponds to 
peptides 11, 12, 13, 14, 15, 16, 17, 18, 20,21 (Figure 6). 

The NC4 domain of the al(IX) chain or fragments derived from it have not 
previously been reported to exhibit anti-arthritic activity. 



